Aims/hypothesis The aim of this study was to determine the incidence and incidence rate trends for type 1 diabetes mellitus in children aged 0-14 years, Australia-wide, from 2000 to 2011. Methods Cases of type 1 diabetes mellitus diagnosed in 0-to 14-year-olds were identified from the National (insulin-treated) Diabetes Register, with a 97% ascertainment rate. Annual agestandardised, sex-and age-specific incidences were calculated and Poisson regression was used to analyse the incidence by calendar year, sex and age at diagnosis. Non-linear temporal trends were analysed using sine and cosine functions applied to Poisson regression models for 3, 4, 5, 6 and 7 year cycles, and the Akaike information criterion was used to assess goodness of fit. Results A total of 11,575 cases (6,049 boys and 5,526 girls) of childhood type 1 diabetes mellitus were registered between 2000 and 2011, giving a mean incidence of 23.6 per 100,000 person-years (95% CI 23.2, 24.0). The mean incidence was 4.9% (95% CI 1.1%, 8.8%) higher in boys than in girls.
Introduction
Type 1 diabetes mellitus is one of the most common chronic diseases of childhood, and those affected require lifelong insulin replacement therapy and monitoring for both acute and chronic multisystem health complications. Type 1 diabetes mellitus is a significant cause of morbidity, with impacts on the physical, psychological, financial and social wellbeing of affected children and their families. Over the past few decades, the incidence of type 1 diabetes mellitus in 0-to 14-year-old children has increased by an average of 3% per year [1] . However, the rates of increase and temporal trends are variable [1] , Electronic supplementary material The online version of this article (doi:10.1007/s00125-015-3709-2) contains peer-reviewed but unedited supplementary material, which is available to authorised users. and a possible plateauing of incidence has been reported in Sweden, Finland [2] and Norway [3] , as well as in Australia [4] .
In Western Australia, which accounts for one-third of the total land mass of Australia but only 10% of the total population, a cyclical variation in the incidence of childhood type 1 diabetes mellitus has been reported, with peaks and troughs in incidence occurring approximately every 5 years between 1985 and 2010 [5] . This raises questions as to whether the cyclical pattern in the incidence rate trend observed in Western Australia is also evident Australia-wide, and whether the reported lack of increase in the national incidence of childhood type 1 diabetes mellitus is due to a non-linear variation in the national incidence rate trend or to a true plateauing of incidence, as has been observed elsewhere.
Therefore, this study aimed to determine the incidence and incidence rate trends of type 1 diabetes mellitus in children aged 0-14 years Australia-wide, using all available data from 2000 to 2011, and to examine the temporal trends for nonlinear, cyclical variation.
Methods
The study population was all children under the age of 15 years with type 1 diabetes mellitus diagnosed in Australia between 2000 and 2011. Cases were identified from the National (insulin-treated) Diabetes Register (NDR), which contains data on patients with diabetes in Australia, including the date of diagnosis and diabetes type. Although the NDR was established in 1999, analyses are usually performed with data from 2000 onwards because of initial data-collection inconsistencies. For 0-to 14-year-olds, data in the NDR are compiled annually from two sources: the Australasia Paediatric Endocrine Group state and territory diabetes databases and the National Diabetes Services Scheme database maintained by Diabetes Australia. The NDR has an estimated case ascertainment of more than 97% [4] .
Data on all eligible cases were extracted from the NDR by managers of the register at the Australian Institute of Health and Welfare, and de-identified data were provided for analysis. Population data published by the Australian Bureau of Statistics were used as the denominator data. Annual agestandardised as well as sex-and age-specific incidences were calculated, and Poisson regression was used to analyse incidence by calendar year, sex and age at diagnosis. To analyse the incidence for non-linear variations, sine and cosine functions were applied to Poisson regression models for 3, 4, 5, 6 and 7 year cycles and the Akaike information criterion was used to assess goodness of fit (see Electronic Supplementary Material [ESM] Methods) [6] .
Patients provide written informed consent for their data to be stored in the Australasia Paediatric Endocrine Group and National Diabetes Subsidy Scheme databases, and the NDR. This study received approval from the Princess Margaret Hospital Ethics Committee and the Human Research Ethics Committee of the Western Australia Department of Health.
Results
Between 2000 and 2011, 11,575 newly diagnosed cases of type 1 diabetes mellitus in children aged 0-14 years (6,049 boys and 5,526 girls) were identified from the NDR ( Table 1) . Table 1) . Analysis of the temporal incidence rate trend for non-linear variation revealed a sinusoidal pattern for the whole group (Fig. 1) , and in both boys and girls and in all age groups (ESM Fig. 1) . A sinusoidal pattern with a 5-yearly interval between peaks and troughs provided the model of best fit (p<0.001, Akaike information criterion 21.5).
Discussion
This national, population-based study has revealed a sinusoidal cyclical pattern in the temporal trend of childhood type 1 diabetes mellitus in Australia, corroborating similar findings previously observed in the state of Western Australia [5] . Interestingly, the sinusoidal pattern was observed in both boys and girls and in all age groups, suggesting that factors influencing the incidence of childhood type 1 diabetes mellitus in Australia are similar across all these subgroups.
Despite consistency in incidence registry definitions and statistical methods, temporal trends in the incidence of childhood type 1 diabetes mellitus continue to be highly variable across different populations and studies. For example, an analysis of temporal trends in childhood type 1 diabetes mellitus across Europe between 1989 and 2008 showed an average annual increase in incidence of 3%, with specific countries showing periods of less or more rapid increase over the study period [1] .
In addition to the linear temporal trends in the incidence of childhood type 1 diabetes that have been described in many populations, non-linear trends have also been observed in some studies. For example, similar to this study, a cyclical incidence pattern has been reported in north-east England, where peaks and troughs in incidence were observed to occur in 5-6 year intervals [7] . A study from the US Virgin Islands reported an 'epidemic-like' spike in incidence in 2006, when the incidence increased threefold compared with the previous year [8] . In Finland, a steeper rise in incidence in the early 1990s contributed a significant non-linear component to the incidence rate trend, resulting in a curvilinear, rather than cyclical, temporal trend between 1980 and 2005 [2] . Other studies have observed a non-linear temporal trend of levelling off, or plateauing, in the incidence of childhood type 1 diabetes mellitus in recent years [2] [3] [4] .
Differences in the temporal trends of childhood type 1 diabetes mellitus probably reflect changes in environmental factors within the different study populations. Type 1 diabetes mellitus is generally thought to be the result of both genetic and environmental risk factors, although the underlying factors are not yet understood. Transient or rapid changes in incidence are most likely a result of changes in environmental factors, rather than changes in the more stable population gene pool.
Non-linear temporal trends of a cyclical nature, as observed in this study, or those with peaks/epidemics of incidence, may indicate a role for environmental factors such as viral infections or climatic factors, which display similar temporal trends. Viral infections, in particular enteroviruses, have long been implicated in the aetiology of childhood type 1 diabetes mellitus. Climatic factors may influence other factors associated with childhood diabetes mellitus, such as diet, physical activity and exposure to sunlight and vitamin D, as well as to viruses and other infectious agents. Another possible explanation is that peaks in incidence are followed by troughs due to a reduction in the pool of individuals at risk of the disease. However, although this might explain peaks and troughs that occur randomly over time, it would not account for the regular 5-yearly peaks and troughs in incidence observed in this study.
This study reports the interesting observation of a regular cyclical pattern in the incidence of childhood type 1 diabetes mellitus in Australia, similar to that observed over an extended period of time in Western Australia. This suggests that caution should be applied in modelling and predicting future incidences of childhood type 1 diabetes mellitus based on only linear trends. The strengths of this study are its use of population-based data that are more than 97% complete and the application of standard statistical methods, enabling comparison with other studies. A limitation of this study is the relatively short duration of 12 years; however, all available data have been analysed. Furthermore, no national population-level data were available on environmental factors such as viral infections for comparative analyses.
There is much yet to be understood regarding the aetiology, natural history and critical windows in the development of childhood type 1 diabetes mellitus. In the future, determining different phenotypes or subgroups of type 1 diabetes mellitus [9] and understanding more about the timescale and natural history of diabetes will help researchers to identify factors relevant to different phases of the natural history and the likely multiple causal pathways of this complex disease. Meanwhile, worldwide population-based registers will continue to provide invaluable resources for monitoring the incidence of childhood type 1 diabetes mellitus.
